ABSTRACT EUVE J1429-38.0 was originally discovered as a variable source by the Extreme Ultraviolet Explorer {EUVE) satellite. We present new optical observations which unambiguously confirm this star to be an eclipsing magnetic system with an orbital period of 4 h 46 m . The photometric data are strongly modulated by ellipsoidal variations during low states which allow a system inclination of near 80 degrees to be determined. Our time-resolved optical spectra, which cover only about one-third of the orbital cycle, indicate the clear presence of a gas stream. During high states, EUVE J1429-38.0 shows ~ 1 mag deep eclipses and the apparent formation of a partial accretion disk. EUVE J1429-38.0 presents the observer with properties of both the AM Herculis and the DQ Herculis types of magnetic cataclysmic variable.
INTRODUCTION
Cataclysmic variables (CVs) consist of a white dwarf (WD) primary and a lower main-sequence secondary. The secondary star fills its Roche lobe and transfers matter toward the more massive primary. For CVs with orbital periods of 3-10 hr, the secondary star is a K through early-M star; for shorter period systems (2.5-1.2 hr), the secondary is a mid-to late-M star. Magnetic CVs are divided into two classes-DQ Herculis and AM Herculis stars. These two classes of magnetic CVs are distinguished by the strength of the intrinsic magnetic field of the WD primary. In AM Her stars, the field strengths are from ~ 10 to 80 mg (with one as high as 250 mg), and the mass accretion onto the primary occurs from a stream that is magnetically controlled over some length of its travel from the secondary. No accretion disk exists and the material is funneled onto the WD near one or both of its magnetic poles.
Observations of AM Her stars in most wavebands gener- ally show large modulations because the magnetic pole(s) pass in-and-out of the line of sight. The high magnetic fields in the AM Her cause the white dwarf spin period to be locked with the binary orbital period. Thus, for systems with accretion onto only one of the magnetic poles, photometric observations reveal variability that is modulated at the system orbital period. However for systems with two active accreting poles, the photometric signature can be quite complex and depends on the binary inclination and other factors (cf. , 1997 . Changes in the mass transfer rate from the secondary star cause brightness variations in AM Her stars. These changes are of order 3-5 mag in the optical and are termed high and low states. Consult Cropper (1990) for a detailed discussion of AM Her variables. DQ Her stars are generally believed to have primary star magnetic field strengths of 1-10 mg. As a result of these weaker fields, the white dwarf rotates asynchronously with respect to the binary, and accretion onto the white dwarf likely occurs from a partial disk. The accretion area on the white dwarf surface is thought to be very much larger in DQ Her stars than in AM Her stars. The larger area is a consequence of the less focused accretion (weaker field) and a larger azimuthal angle from which the material is supplied. Craig et al. (1996) .
Energy release from this accretion is observable for much or all of the binary period. See Patterson (1994) for a review. We present here new spectroscopic and photometric observations of the magnetic CV EUVE J1429-38.0. Stobie et al (1996) , presented initial data for this star revealing it as an eclipsing magnetic system of period 4^765 and showing strong ellipsoidal variations in its optical light curve. Our new photometry spans a transition from a low to high state. EUVE J1429-38.0 appears to alternate between high and low states fairly often, and during the low states the eclipse is not readily detectable although the lightcurve is highly modulated. Optical spectroscopy during a low state reveals the presence of the red secondary star, and for our limited orbital phase coverage the emission lines are all blueshifted and contain multiple components. Tables 1, 2 , and 4. These include new optical spectroscopic and photometric observations and EUV photometric data. A finding chart, coordinates, and initial information about EUVE J1429-38.0 can be found in Craig (1995) and Craig et al (1996) .
Optical Spectroscopy
New spectroscopic observations of EUVE J1429-38.0 were obtained with the 1.5 m telescope at Cerro Tololo InterAmerican Observatory (CTIO) on 1996 February 20 and 22. We used the Cassegrain spectrograph and LORAL (1200X800) CCD detector with a 300 line mm -1 grating and a 4.5" entrance slit. This setup gives a spectral resolution of 9 À and covers the wavelength region of 3700-6750 Á. The CTIO data were reduced using standard procedures and IRAF software. The spectra were trimmed and the bias-level subtracted. Pixel-to-pixel gain variations were removed by applying a flat-field correction using an internal quartz lamp, and the data were then extracted to form one-dimensional spectra. We used an He-Ar lamp for wavelength calibration with resulting rms wavelength errors of approximately 0.1 Â. The standard stars EG 274 and LTT 2415 are observed for flux calibration. Figure 1 shows our time-series spectroscopy including the phase of each observation as determined in the next section. These data were obtained during a low state in which EUVE J1429-38.0 was 1 mag fainter than when observed during a high state on 1995 May 21 by Craig et al (1996) . In Fig. 1 , note the clear presence of secondary star features, (including Na absorption which contaminates the Hen 5876 Â line), and the overall weak emission features. He II (4686 A), for example, was stronger than H/3 when EUVE J1429-38.0 was in a high state (Craig et al. 1996) . The total coverage in phase of each night of spectroscopy was, at best, only 0.3 of the complete orbital period. 
Optical Photometry
Optical photometry of EUVE J1429-38.0 was obtained over the time interval from 1996 February to 1996 August, with the 1996 February 21 and 23 nights being nearly simultaneous with our 1996 February 20 and 22 spectroscopic data. The observations used an SBIG ST-6 CCD attached to a Celestron C14 with telecompressor at Range G, about 15 km north of Woomera, which is -480 km north-west of Adelaide, South Australia (Table 2) . A CFW-6A filter wheel with UBVRI and clear filters was installed ahead of the CCD camera. A Celestron C5 with SBIG ST-4 was mounted on the C-14 and used for auto-guiding. The image scale of the ST-6 was -2.2 arcsec pixel -1 . The 1996 July observations were made with the same CCD but used the Siding Spring Observatory (SSO) 0.6-m telescope. The image scale with this setup was 1.0 arcsec pixel -1 , but otherwise the data were reduced in a similar manner to the C14 data as described below.
The C14 observations were made by running the ST-6 in auto-grab mode using 90 s exposures taken at mid-time intervals of 150 s. The clear filter position was used for most of the time-series observations in order to provide higher timeresolution. This combination of clear+CCD bandpasses 2233 leads to an approximate "filter" of central wavelength near 7000 Â and a FWHM of 2500 Â. We used V, R, and / filters on three nights in 1996 July (see Table 2 ). Dark frames were taken every 8 frames, and both artificial and twilight flatfields were used in the reductions. For the color frames, the secondary standard field near NGC 5927 was used to provide the needed transformation equations. Two field stars (marked numbers 1 and 5 in the finding chart for EUVE J1429-38.0 presented in Craig et al 1996) were selected as the comparison (C) and check (K) stars to use in our differential photometry. Their m v magnitudes (see Table 1 of Craig et al. 1996) of 16.9 for C and 16.6 for K were used to determine the m v magnitude for EUVE J1429-38.0. In addition, the spectral types of these two stars, G4 and G3, respectively, were used to estimate their V-I and V-R colors.
The unfiltered time-series datasets were reduced differentially using SBIG CCDOPS software. Differential photometry has many advantages for time-series work (cf. Howell 1992) . The C and K stars available on the same CCD frame as EUVE J1429-38.0 were such that the C star was about 1 mag brighter than EUVE J1429-38.0 and the K star was similar in magnitude. This selection process assures that the Variable-C and C-K statistics are comparable. C and K were also of similar color to EUVE J1429-38.0.
We performed standard two-dimensional photometry on the three stars (C, K, and the CV) with the C-K dataset used to provide an error estimate for the variable. A straight-line fit is made to the comp-check data, and the standard deviation of this is used to estimate the error. For the differential light curves of EUVE J1429-38.0, the errors are all in the range from 0.09 to 0.12 mag.
Figure 2(a) shows all 14 unfiltered photometric data sets phased on a common period and labeled with their corresponding HJD values. This figure has been made with all the same y-axis values so that the low-to high-state transition can be readily seen. This change of -1.0 mag, occurred between 1996 April and June. Table 3 lists mid-eclipse times for three datasets which we could reliably measure. Figure  2 (b) shows the photometry for the three nights of color data including color difference plots. The first seven photometric data sets were obtained during a low state, with the first two possibly showing the star entering the low state. We cannot, however, rule out the possibility of frequent low-level modulations of a few tenths of a magnitude for EUVE J1429-38.0 during its faint states. The last seven unfiltered sets and the color data were all during a high state. In the photometric plots, the y-axis value is a differential magnitude (plotted as C-Variable), thus larger numeric values indicate a brighter m v measurement. Note the presence of an occasional large "dip" during some of the photometric minimum, even when EUVE J1429-38.0 was in a low state. This dip is taken to be the stellar eclipse of the white dwarf primary by the red secondary. The color data also clearly show the eclipse [ Fig. 2(b) ], while the color difference plots indicate that the eclipsed object is blue in color. Our color data also indicate that the change from low to high state has The color eclipse profiles also show the possible presence of a raised hump prior to eclipse leading into a shallow shoulder, the latter lasting for almost 60 min before the primary eclipse occurs. The rise from primary eclipse also ends in a much slower raising shoulder. These photometric behaviors appear indicitive of an accretion disk hot spot modulation occurring near phase 0.80 while the depressed eclipse shoulders and the lengthly ingress and egress times reveal the presence of an extended eclipsed region, possibly a broadened accretion stream, an extended magnetic region on the white dwarf surface, or the presence of a partial disk occurring during the high state. The largest modulation seen in the low-state unfiltered photometry is sinusoidal in nature and is taken to be due to ellipsoidal variations from the red secondary star. We will discuss these findings further in Sec. 3. Craig et al. (1996) presented a power spectrum of their EUV photometry (see their Fig. 1 ), which showed six well defined periods. At the time, it was believed that the orbital period of this binary was 142 min. Spikes in the power spectrum were labeled as to their origin with one at 57 min being unaccounted for. We now know that the true orbital period of this star is 286 min and the spikes seen in the Craig et al. power spectrum are now all explainable as real periods (binary and satellite), or aliases.
EUV Photometry
EUVE J1429-38.0 has been observed four times with the Extreme Ultraviolet Explorer (EUVE) satellite Right Angle Program (RAP; Table 3 ). Details of EUVE time-series RAP observations are given in McDonald et al. (1994) and Craig et al. (1996) . The 1993 March discovery data were at a much brighter level than the 1995 March, the 1996 April, and the 1996 May data (no detection). The April EUVE data were obtained nearly simultaneously with our 1996 April photometric observations. Figure 3 shows the two detected RAP observations phased on our newly determined photometric period (see next section). The gaps present in the EUV photometric light curves in Fig. 3 are due to the lack of complete phase coverage.
The low count rates observed in 1996 April (low state) only allow crude time bins of 400 s each to be made in the phased data. While each point in this set has a relatively large error bar, the EUV photometry is clearly consistent with a small (but non-zero), constant value. As we will see below, our period determination has an error near 0.5 s, allowing the higher count rate 1993 March data (150 s time bins) to be phased with the same ephemeris as well; the cumulative error over the 37 month interval, being ±0.16 in phase. During the apparent higher state 1993 March observations, the EUV light curve also shows emission for most of the observed orbital cycle, with a flux level consistent with zero during eclipse. (However, we need to keep in mind the possible 0.16 phase error in the 1993 March data.) The 1993 March lightcurve also shows evidence for a brighter, localized spot near phase 0.35, reminiscent of those seen in in the EUV for typical AM Her stars . 
RESULTS
One of the most important parameters to determine for any cataclysmic variable is the orbital period. From our photometric datasets, we can determine the unambiguous orbital period for EUVE J1429-38.0. Specifically, the unfiltered and color eclipse photometry from 1996 June and July allow us to use the mid-eclipse as a fiducial point and the multiple eclipse datasets eliminate any cycle count ambiguity. We assume that the mid-time of the eclipse is equal to phase 0.0, which is commonly referred to as the red-to-blue crossing in spectroscopic terms. Determining the orbital period in this manner, we find a best fit period of T(HJD) = 2450289.026(1) + 0.198553(6)£. This period is in agreement with that found by Stobie et al. (1996) and, as we discuss below, is exactly twice the best fit period to the lowstate ellipsoidal variations. Phasing all high-state photometric datasets on this period has been done in Fig. 4 . We see in Fig. 4 that the eclipse is relatively deep, being 1.5 mag in V and 1.0 mag in R and /, indicating a fairly high system inchnation. We find that the mean FWHM eclipse length is near 24.5 min with ingress and egress times (measured from the unfiltered high-state data and excluding any shoulder) taking nearly 14 min each. For a typical highinclination, 286 min orbital period CV, the total duration for an eclipse of just the white dwarf is near 25 min. Thus, our measured value of near 60 min for the entire eclipse duration is much too long to represent an eclipse of just the primary star and, in fact, can be used to determine the size of the eclipsed light-producing source. In a system such as EUVE J1429-38.0, (assuming #=0.5 and ¿ = 85°), the relative velocity of the two stars is near 4X 10 7 cm s -1 , yielding an eclipsed source size of 1.7 X 10 10 cm, or roughly one-half the size of a typical 75% Roche-lobe filling accretion disk. This size is too large for the eclipse to be that of an extended stream or accretion spot area on the white dwarf itself and seems likely to represent a partial accretion disk formed during the high state in EUVE J1429-38.0. Figure 4 also provides evidence that a secondary eclipse (phase 0.5) may be visible in the unfiltered and /-band color data. Stobie et al (1996) find the eclipse depth to be wavelength dependent, deeper in B and V (0.78 and 0.19 mag), and much shallower in R and I (0.08 and <0.01 mags) but clearly not in agreement with our eclipse depths found here. Based on their reported m v magnitude, the clearly seen ellipsoidal variations in their photometric data, and the shallower eclipse depths seen in our low-state data [top panels of Fig. 2(a) ], we believe that Stobie et al observed EUVE J1429-38.0 during a low or intermediate state.
While the eclipse depth does appear to be variable, we find no evidence, as suggested by Stobie et al (1996) from their three nights of photometric data, that the eclipse occurs before the time of inferior conjunction. Our statement made here is based on the phasing of all our high-state photometric datasets (Fig. 4) , which span a total time of 2 months or approximately 300 binary orbits. In addition, we find mideclipse to be centered on an ellipsoidal variation minimum (see Fig. 5 ) as would be expected. We do see, however, some evidence for the eclipse starting slightly earlier in our lowstate data (Fig. 5) . However, we may attribute this effect to the lengthy ingress shoulder seen clearly during high states (Fig. 4) but barely resolvable in low states.
The dominant modulation seen in the low-state unfiltered photometric data is due to ellipsoidal variations from the red secondary. This line of reasoning is supported by our unfiltered photometry, which is essentially a very red bandpass and thus sensitive to flux changes of the red secondary. In addition, the readily apparent cool star features seen in our 1996 February spectra (Fig. 1) indicate a strong contribution to the low-state light from the secondary star. Figure 5 shows our low-state photometry phased on the orbital period determined above.
The ellipsoidal variations present in our data are typical for a secondary filling the Roche lobe in a semi-detached binary. The variations are well fit by a cosine function (Russell 1945) of period equal to P 0V \J2 and, as expected, show roughly equal maxima at phases 0.25 and 0.75 (Fig. 5) . Using the full-amplitude of the fitted ellipsoidal variations (0.25 mag), assumed gravity (Kopal 1959) and limb darkening (Al-Naimiy 1978) values appropriate for a M2 mainsequence dwarf (see below), taking Ml = 0.8M o and M2 = 0.4M o , and using the standard equation derived by Russell (more recently presented in McClintock et al. 1983 ), we determine a system inclination of 80° ± 5 °. Furthermore, using our model binary system discussed above, we find that for an eclipsed accretion disk (or emission region) as large as 75% of the size of the secondary, the 25 min FWHM eclipse profile sets a lower limit on the system inclination of 79°. We include, in Fig 5, a best-fit cosine curve of period equal to one-half the binary orbital period.
Once the period and phase were established from our photometric data, we could determine the orbital phase for each of our obtained spectra. These are shown and labeled in Fig.  1 . The emission fines appear to be slightly stronger on 1996 February 22 than on February 20, but overall little difference is observed over the -0.3 in phase that they cover. Comparison with the high-state spectrum presented in Craig et al. (1996) shows that the emission fine strengths seen here during the low state are approximately a factor of 2 weaker. EUVE J1429-38.0 was 1 mag brighter when in the high state seen in 1995 May (during which time cyclotron humps may have been present), the Balmer continuum was in emission, and no secondary star features were indicated in the red part of the spectrum.
We have taken our low-state spectra for EUVE J1429-38.0 (Fig. 1 ) and convolved them with template single-star spectra of types KV-MV taken from Jacoby et al (1984) . Our best-fit secondary spectral type is M2 ±2. Stobie et al (1996) also find a best-fit spectral type of M2 V using their single mid-eclipse spectrum. An M2 V star has an absolute visual magnitude of +10 (Allen 1976) , and our low-state spectroscopic observations yield a magnitude of -17.4 (Table 1) . Taking these numbers at face value, we find a distance for EUVE J1429-38.0 of 295 pc. This is quite far away for an EUV source, so we decided to further investigate constraints in our distance determination.
Using information on ISM measures of spatially nearby sources and the three-dimensional interpolation method of Jelinsky (1996, private communication), we find that V761 Cen, which is 2° away from EUVE J1429-38.0 and at a distance of 135 pc, has a column density of log V H = 19.46, while a Lup, which is 12° away from our CV and at 357 pc, has log V H = 20.55. These two sources can be used to represent approximate limits of the column density in this area of the sky. Thus, taking these limits into account (giving us an Ay as high as 1.0 mag), and the fact that there is some V band contribution from the accretion stream itself, we find a lower limit to the distance of 250 pc. Assuming a normal interstellar composition (He l/H 1=0.09; He u/He 1=0.01), we can also calculate the transmission of the ISM using the description of the ISM absorption given by Rumph et al. (1994) . We find that the count rate obtained during our 1993 2238 March (high state) observation is consistent with a distance of 295 pc ¿/'the value for log 20.17. Therefore, we can provide fairly tight constraints on the distance to EUVE J1429-38.0 of 250-295 pc. Further refinement of our column density would require an EUV spectrum of the source.
We attempted to use our spectra to construct a radial velocity curve for EUVE J1429-38.0. This effort met with little success, as we consistently found all the radial velocities to be highly blueshifted. This finding is inconsistent with model radial velocity (RV) curves constructed based on phase 0.0 being that of mid-eclipse, as they are out of phase with the expected stellar motions for the observed orbital phases. The spectra were obtained on two nights, but within the same time range on those nights, leading to both spectral datasets covering similar and small amounts of the total orbital period. The phase coverage was near 0.4-0.7 each night and the radial velocities obtained for each of the fines measured are as large as -300 km s -1 or more. Observation of this eclipsing magnetic CV during these phases consists mainly of viewing the accretion stream moving directly toward us and/or the heated face of the secondary star. Figure 6 shows each of our measured emission fines with their best-fit Gaussian models. We see that their velocities are all highly blueshifted and many of the profiles during phases 0.4-0.6 contain multiple components. It is not uncommon for the emission fines in AM Her stars to contain multiple components: some contribution comes from the stellar motions themselves, a contribution from the gas stream that is, at times, completely inconsistent with the expected stellar component RV results, and possibly some contribution comes from the heated face of the secondary star (cf. Liebert & Stockman 1979) . Stobie et al. (1996) present both an in-and out-of-eclipse spectrum for EUVE J1429-38.0. Their spectra clearly show that all the bright emission fines are coming from the (out-of-eclipse) accretion stream or spot and/or heated secondary, and not from the back side of the secondary. We estimate, based on a standard binary model at this orbital period and with high inclination, that the component stars would have maximum velocities of -140 km s -1 , clearly not large enough to account for our measured radial velocity shifts of 300 km s~1 or more. Velocities within the gas stream itself are generally near 500-1500 km s -1 , easily able to account for our measured (multicomponent) radial velocities. Thus, we conclude that our spectral fines are likely to be dominated by the motions of the accretion stream and cannot by themselves supply us with a definitive RV curve because of their limited orbital phase coverage.
CONCLUSION
Our new photometric observations confirm that EUVE J1429-38.0 is an eclipsing binary with an orbital period of 4 h 46 m . During high states the eclipses are clearly visible while in low states, the stars photometric modulation is dominated by ellipsoidal variations from the M2 V secondary. These variations and the eclipse width, are used together to determine an inclination of 80-85 degrees and the M2 V star, plus ISM considerations, leads to a distance of 250-295 Fig. 6 . Line profiles and fits for the strongest emission lines in EUVE J1429-38.0. Dots are the real data, thin lines (when present) are the multiple Gaussian fits, and the thick solid line is the final adopted fit. Note the presence of many two-component fits from phases 0.4-0.6, and the fact that all the lines are blue-shifted.
pc. During orbital phases 0.4-0.7, the emission lines present in the optical spectra are blueshifted, contain mulitple components, and are dominated by the oncoming light arising from the gas stream.
The eclipse depth is near 1.5 mag during high states and varies in depth with color. The eclipse becomes almost invisible during low states. Our measurements of the total eclipse width is consistent with an eclipse of an extended object much larger than the white dwarf primary. We suggest that this extended object is, in fact, a partial accretion disk that forms when this star is in a high state. We find no evidence for an off-centered eclipse profile as discussed in Stobie et al. (1996) , as our data give mid-eclipse points that lie squarely within one of the minima of the ellipsoidal variations as expected. The eclipse of EUVE J1429-38.0 was seen to occur before inferior conjunction and attributed to the accretion stream by Stobie et al. (1996) We conclude that EUVE J1429-38.0 is a magnetic CV based on the spectral and EUV photometric evidence from Craig et al (1996) , Stobie et al (1996) , the star being an EUV source, the high-/low-state photometric behavior, and the new observations presented here. However, the exact type (AM or DQ Her) of this magnetic CV is still not evident. The EUV light curve of 1993 March shows an apparent localized accretion spot presumably on the white dwarf, He n was stronger than H/3 during high-state spectral observations 4 (Craig et al 1996) , the star shows frequent 1.0 mag high-/low-state changes, and may have shown cyclotron humps in its high-state spectrum. These characteristics are generally assigned to AM Her stars. Stobie et al (1996) performed polarimetry of EUVE J1429-38.0 and found no convincing evidence for polarization, generally a telltale signature for AM Her stars. If EUVE J1429-38.0 is an eclipsing AM Her-type CV, it provides an interesting case, as its orbital period of 4 h 46 m would be the second longest period currently known for an AM Her, [~ 1 hr longer than QQ Vul at 3 h 42 m , and ~3 hr shorter than the unique very long period (8 h ) system RXJ 0515+01]. However, EUVE J1429-38.0 also has attributes of a DQ Her-type CV. The extended ingress and egress times lead to the conclusion that, at least during high states, a partial accretion disk forms. EUV photometric observations show that when EUVE J1429-38.0 is detected (Fig. 3) , it has flux throughout its orbit not just when the small localized accretion spot is in view as in AM Her stars (Sirk & Howell 4 He n can also be stronger than H/3 in DQ Her stars (Szkody et al 1990 (Szkody et al ). 2241 (Szkody et al 1996 . EUV emission throughout the entire orbital period has been seen for the two DQ Her stars observed to date by EUVE\ EX Hya (Hurwitz et al 1996) and PQ Gem . In the DQ Her stars, this emission is thought to arise from an extended accretion curtain and partial disk around the primary.
Perhaps, EUVE J1429-38.0 is a magnetic CV with properties of both AM Her and DQ Her systems. It would be the second such star discovered, with PQ Gem (Mason 1995) having already been shown to be a "confused" magnetic CV, sitting somewhere between the two classes (see Howell et al 1996 , and references therein). Interestingly, both PQ Gem and EUVE J1429-38.0 have similar orbital periods, P 0 rb = 5.2 hr for the former. Higher spectral resolution is needed in order to separate the multiple components that exist in the emission lines, and greater orbital phase coverage is needed to produce a complete radial velocity curve. Further observations of the eclipse with higher time resolution and covering the various brightenss states of this star are clearly warrented. Detailed observations of this star needed to confirm the ideas we present above and to investigate the magnetic nature of EUVE 1429-38.0.
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